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Heterotopic Ossification (HO):

Hypoxic environment

MSCs proliferation

MSCs form a 
catilagineous scaffold and 

a support matrix

Formation of extraskeletal bone in skeletal muscle, joints and 
soft tissues, that follows an endochondral pathwaya
.

Acute inflammatory 
stimulus



The immune system involvement in FOP

from Diolintzi et al, Biomolecules, 2024



Macrophages plasticity: One, No One and One Hundred Thousand

M1 M2



Macrophages in tissue regeneration

Rodriguez et al, 2024

Chronic muscle injury



14 days after injury 21 days after injury
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The FOP mouse model, Dan Perrien & IFOPA
ALK2R206Hflox/-: Gt(ROSA26)SorCreERT2
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Clodronate decreases HO in ALK2R206H mice



Single-cell RNA sequencing of early osteogenic lesions of the FOP 
mice shows altered cell composition



Single-cell RNA sequencing of early osteogenic lesions of the FOP 
mice shows altered cell composition



ALK2R206H FAPs show faster osteogenic differentiation in vitro

Alizarin Red Alizarin Red

FOPControl

100 µm



FAPs displayed up-regulated genes related to chondro-osteogenic 
differentiation



Fibro-adipogenic progenitors (FAPs):

-Muscle-resident progenitors → adipogenic / myofibroblast fate
-Support repair: debris clearance + ECM deposition
-Key drivers of HO in FOP

Which signals control their fate in FOP?

Rivera et al. DOI:10.3390/biomedicines12040779



MPs displayed deregulated genes related to extracellular matrix 
remodelling and cellular metabolism



ALK2R206H BMDMs display altered polarization in vitro
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ALK2R206H BMDMs display altered polarization in vivo



SPP1 is largely produced by anti-inflammatory MPs

qPCR analysis ELISA assay

In vitro differentiation of MPsViolin Plot of macrophage cluster for SPP1 gene



Osteopontin (Spp1)

• Osteopontin, or secreted phosphoprotein 1 (Spp1) is a highly phosphoriylated glycoprotein consisting of 314 aminoacids, with a
molecular weight ranging between 44 and 75 kDa

Moorman et al., Cancers. 2020



Biological function of Spp1

Icer & Gezmen-Karadag, Clinical Biochemestry. 2018



Spp1 expression in MPs of ALK2R206H mice
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SPP1 enhances osteogenic differentiation in ALK2R206H FAPs



SPP1 enhances osteocyte differentiation in ALK2R206H FAPs

Osx DAPI

control medium SPP1 (200 ng/mL)



SPP1 enhances osteocyte differentiation in ALK2R206H FAPs



FOP pro and anti-inflammatory MΦ CM promotes FAPs osteogenesis in 
FOP and Control mice

FOP FAPs + Wt MΦWt FAPs + Wt MΦ

100 µm
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SPP1 inhibition decreases FOP FAP osteogenic differentiation



Pharmacological inhibition of SPP1 in vivo 

Filipa Timóteo-Ferreira et al, accepted for publication, Communication Biology 2026



14 Days 21 Days

Vehicle OPNi Vehicle OPNi

Preliminary data:  pharmacological inhibition of SPP1 decrease HO in ALK2R206H



Conclusions

• Macrophage depletionin  
Acvr1R206Hlox/lox;Gt(ROSA26)SorCre
ERT2 mice using clodronate impairs 
HO development

• Single-cell transcriptomics show an 
unbalanced macrophage metabolism 
and polarization in the FOP mouse 
model

• Single-cell transcriptomics and in vitro 
assays suggests that in the FOP 
mouse model macrophages and FAPs 
are committed to form a cellular niche 
that promotes and sustains bone 
formation

• Macrophage derived SPP1 appears to 
play a crucial role in enhancing HO in 
vitro and in vivo

SPP1



• Characterize SPP1 role on ALK2R206H MPs 
polarization and on their crosstalk with chondro-
osteogenic precursors (FAPs) using genetic or 
pharmachological silencing

Next steps



siRNA inibition of SPP1 in a macrophage cell line ( RAW 264.7 )



• Characterize SPP1 role on ALK2R206H MPs 
polarization and on their crosstalk with chondro-
osteogenic precursors (FAPs)

• To explore SPP1 and related inflammatory pathways 
as potential therapeutic targets for FOP

Next steps



Spp1 interacts with CD44 and integrins

Which are the pathways activated in FOP FAPs and MPs?Which are the pathways activated in FOP FAPs and MPs?

Jung et al. Molecules and Cells. 2025



PROGENy analysis show altered pathways activated in FOP FAPs



Spp1 leads to increased of pAKT-Ser in FOP FAPs

AKT

pAKT-Thr

pAKT-Ser

VINCULIN

Ctr           FOP          Ctr          FOP  

Spp1 - - +              +  

n = 5



PROGENy analysis show altered pathways activated in FOP MPs
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SPP1 leads to ActivinA and MMP9 overexpression in FOP FAPs


